09/07 '04 FRI 15:29 FAX 6567468263 



HORIZON IP PTE LTD 



©039 



United States Patent 

Pathak et aL 



U5005731734A 

[Uj Patent Number: 
(45] Date of Patent: 



5,731,734 
Mar. 24, 1598 



[54] ZERO POWER FUSE CIRCUIT 

[75] Inventors! Jag dish Pathik, Los Altos Hois; 

James E. Payne, Boulder Creek; Saroj 
Puthak, Los Altos Hills, all of Caiif- 

r?3] Assignee: Atmd Corporatioo, Son lost, Calif. 

121] Appi. No.: 

RZ] FIlco; Oct 7, W 



[51] Ink Cl 6 

[52] U,S- CL — 

[58] Field of Scaidi , 



H03K 17/687 

327/525; 327/526; 327/143 
. 327/525, 526. 



[56] 



327/403-406, 199, 200.224, 143, 198; 

365/225.7 

Referenced Cited 
U.S< PATENT DOCUMENTS 



4.613.959 
4,818,904 

5,051,691 
5451,614 



9/1956 n*n& 

d/1989 Kcfctfishi . 

6/1989 Gotta asl. 

9/1991 Wang 



9/1992 Yamszaki et al. . 



365/200 
307/594 
324/550 
324/158 R 
. 307/2723 



5,315.177 3rtyy4 Zaanrctal. 
5,440246 8/1 995 Miwayetal,- 
5,457,656 10/1WS Fa 



307/465 
3Z6V38 
. 365/200 



Pnmary £>c77ifr^r— Tlnootfiy P. Callahan 
Assistant Examiner — An T. LlZO 

Attorney Agent, or FlnTt—Thosxm Schneck; George B. F. 
Yee 



[57] 



ABSTRACT 



A zero power fuse droit includes a Latch means having two 
inputs, a first input being latched to ground and a second 
input being latched to V^. The latch means is triggered 
cottier by a momentary contact of the first input tt> ground or 
by the momentary contact of the second input to A first 
embodiment includes two fuse element/capacitor pairs each 
coupled to one of the two inputs of the latch means, A second 
emboenrnent includes a pull-up transistor and a fuse element/ 
capacitor pair, coupled to the first and second inputs respec- 
tively, a third embodiment includes a pun-down transistor 
and a fas* element/ caracitorpair respectively coupled to the 
second and fist inputs of the latch means. 
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ZERO POWER FUSE CIRCUIT ft a first embodiment, Che fuse circuit includes flic above 

latch means coupled with, two series connected fuse clement 
TECHNICAL FIELD ami capacitor pairs, A first logic level in provided by the fuse 

The present invention generally relates to fuse circuit*, ore* When both fuse elements remain intact A second 

described latch means coupled to a pull-up transistor at a 
BACKGROUND ART first terminal of the latch means, and a fuse element/ 

mahle logic devices, and the like continue to increase, the s * lQf of * e sec0Dd embodiment 

Incidence of defective cells within any One device is Bcdy 111 embodiment, the capacitors serve to htocfc DC 

to increase as wefl. Unless the defect can be corrected in current during the steady state conditJon when the fuse 

some way tbc paiticular defective semiconductor device 13 element T*""* a first logic level is provided 

becomes useless, thus lowering production yields- A com- widiont any power dissipation through the fuse circuit 

mon approach to correcting such defects is to provide a When the fuse elements are blown, die cimncitort r^ovide a 

multitude of redundant cells within the device. When a momentary coupling to ground or when the circuit is 

defective cell is detected, one of the redundant cells can be _ powered up. This momentary contact x sufficient to operate 

used in its place 20 tbe ^tch Means, which reverses the logic levels- innoe the 

- The circuitry that supports the redundant cells usually ^ **** ™£>™* **d the capacitors block 

JSmm^SZ ^L^/^r-htT^^^l^^^^n DC current, mere is virtually no power consumed ju steady 

to replace * dcfecrlVB cell. BRIEF DESCRIPTION OF THE DRAWINGS 

a PLD are fabricated to have a default logic level, whether ^ ^ ^ . . . „ r _ TVVW ^ r 

UbealogfcraoralogjcUXTnisisac^ . J*" S^*^^??^ powcrfuse 

presence offoafHclhilu which be me cella outputs either to orcurt of the present invention. 

V w ox to ground. When a fuse in a cell is blown, the cell's FIG. 3 Illustrates a third emtaxhrneiit of a zero power iuse 

logic level is reversed. Not «mti1on the circuitry used with circuit of the present invention. 

redundant memory cells, fuse circuitry in ELDs also con- M FIG, 4 is a tabic which defines a dual-triggered unidiree- 

EiTrry- power. tlonal latch in accordance with me present invention. 

Consider, far examp le, a prior art fuse circuit such as one FIG- S shows a prior art fuse circuit. 

"=^t 5 ^"^^^^« BBSTMOnBO^C^GOUTTHH 
and the fuse is red into an inverter to provide an output Q. 40 

In the configuration shown in PiG. 5. the intact fuse ties the With respect to PIG. L, a zero power fuse circuit 10 of me 

inverter input to ground, so that Q is HL Meanwhile, a present invention includes a latch means 50 having two 

constant current is drawn from to ground* through the terminals A, B. Coupled to Che A terminal is a series 

resistor and the fuse F. When the fuse is blown, the Inverter combmation of a first fuse element F^ and a first capacitor 

input is coupled to V tc and Q goes LO. In a typical 45 C 4 . The fuse element Fj is coupled to ¥„ and the capacitor 

application, any one of a number of such either is blown or C L is coupled to ground Terminal B of the latch means 50 

remains ™*ar+. The which remain intact will always draw has a similar series combination of a second fuse F 2 and a 

current from the power being dissipated through the second capacitor However, on terminal B r the second 

resistor R_ These are meffiment, especially when used in fuse element F 3 is coupled to ground while the second 

smaller computing devices such as portable FO where so capacitor Q is coupled to Tbc output logic Q, ^? o f the 

power is a premium, zero power fuse circuit 10 can be obtained from terminal A 

What is needed 19 a fuse erremt which can be used m terminal B, respectively, 

semiconduaor devices that use rjrogrammablc logic levels, The operation of lateb means SO is defined by the table 

and which does not consume power whether the fuse circuit shown in FIG. 4* As can be seen from the table under the 

remains intact cx is blown. 55 RESPONSE column, when triggered, the latch responds by 

latching terminal A to ground GND and Inching terminal B 

SUMMARY; OF TUB 1NVHNTIO* toV^Tb* latch means Is triggered in one of two ways, as 

The fust circuit of t!l£ ja'esent invention wr^J^^s 9. shewn under the ACTION column of the table: cither by 

dual-triggered unidirectional latch, means. In the context of contacting A to ground or by contacting B to V„- Note that 

mis invention, a "dual-triggered" latch Is a latch that can be 60 only a momentary contact is needed to trigger tbc latch 

triggered through either one of two in puts. In addition, the means; eg. mome n tarily contacting te rminal A to ground is 

latch is "unidirectional" in that the first input can trigger the sufficient to trigger the latch tarana 50. The table in FIG. 4 

latch only by a momentary contact of the first input to further shows that contacting A to V„ or contacting B to 

ground, and the second input can trigger the latch only by a ground results in an undefined response, meaning that the 

momentary emtae* of the second Input to 'Moreover, fis response of the latch docs not manVT 

when me latch is triggered, the first input latches to ground The latch means 50 hereinafter is defined as a doal- 

and the second input latches to triggered Unidirectional latch. The latch means is "dual- 



This PDF of U.S. UlSHy Patent 5731734 provided ay Patent Fetched*, a product or Patent Logistics, ULQ - Page 4 of 7 



PAGE 42/83 1 RCVD AT 7/9/2004 3:19:19 AM (Eastern Daylight Time] * SVR:USPTO-EFXRF-1/0 ■ DNIS:8729306 » CSID:6567468263 ' DURATION (mm-ss):28-22 



Od/07 *04 FRI 15:30 FAX 6567468263 



HORIZON IP PTE LTD 



©043 



5,731,734 

3 4 

triggered** In the sense (hnt the latch means SQ can bo source terminal coupled to and a drain tmntant coupled 

triggered by contacting A to ground ox by contacting j) to to terminal A. of the latch moans St. The gale of the PMOS 

V^. The latch means 50 is 'Unidirectional'* In that each transistor is coupled to terminal B. 

terminal latches in one direction.: Lt. terminal A Will always Consider fir* t the operation of the fuse circuit 12 When the 

lntch to ground nod terminal B will always latch to S fuse element F is intact. Traroinal B ia tiod to ground throxi^h 

When the larch is triggered. the fuse element, and so Q is J JO. Vfiih terminal B grounded. 

In the preferred ernlxxiirnent, the latch means S* includes the PMOS transistor 20 is conductive, thus pulling Q HI- In 

a P^channel MQ5 transistor 52 cross-coupled with an this configuration, there is no enrrent draw through the fuse 

N-channcl MOS transistor 54. More rpccillcally. the drain of circuit 12 since the capacitor C blocks DC current from V w 

the PMOS Transistor is coupled to and the source of the 10 to ground. Likewise there is no enrrent through, the pull-up 

NMOS transistor Is coupled to ground. In the middle, the transistor 20, since the latch transistor 54 is OFF. 

gate Of The PMOS transistor 52 is coupled to the drain of the When the fuse element F is blown, terminal B is momca- 

NMOS transistor 54. and the gate of the NMOS transistor is tartly coupled to through (he capacitor C In accordance 

coupled to the source of tho PMOS transistor. It is noted that with the table in FIG. 4 and with the foregoing cxp lnnnrion , 

any latch means circuitry which behaves in the manner as set 15 the result is that terminal A latches to ground (via tmmdstor 

forth in the table of FIG. 4 win work equally well in tho zero 54) and terminal B latches to V« (via transistor 52). Thus, 

power fuse circuit of the present invention. Q goes m and Q goes LO. The PMOS transistor 20 is 

Operation of the circuit of FIG. 1 will now bo discussed. non-conductive since terminal B is at v w thus cutting off 

With the fuse elements F l7 F 3 intact, terminal A of the latch the current path from V w through transistors 20 and S4 to 

means 50 Js tied to V w and so the output QisHL Similarly, 20 ground- Thus, as wlih the circuit of FIG. 1, the cirenjt in FH>. 

tormina] B is tied to ground so that the output logic of Q is 2 exhibits tho property of "zero" power consumption 

LO. In addition, since terminal A is at the PMOS whether the fuse element F Is intact or not 

transistor 52 is non-conductive. Likewise, the NMOS tron- Turn now to yet another embodiment of the zero power 

sister 54 Is non-conducting since terminal B is at ground fuse circuit 14 shown in PEG. 3. Li this CiUbodiinent, a ruse 

potential. The latch, ther efo r e , is not triggered when the 25 clement Pis coupled between and terminal A of the latch 

fuses are intact means 50. A capacitor C is coupled between terminal A and 

When both fuse elements F r F 2 am blown, terminal A will pound. An NMOS pull-down transistor 22 is coupled 

be momentarily coupled to ground through capacitor C, on between terminal B of the latch and ground, through the 

poWer-Up, pulling ibe gare Ot the PMOS transistor 52 to source and drain pins of tho NMOS transistor respectively, 

ground. At Ibe same time, terminal B will be momentarily 30 The gam of the NMOS transistor 22 is coupled to fnrmim i l 

coupled to V OT through capacitor Cj, tiiUS t>uiliru> the gate of A of the latch. 

the NMOS transistor 54 to V^. As the PMOS oarudstor In me configuration wherein the fuse dement is intact, 
becomes conductive, the gate of the NMOS transistor Is terminal A is tied to and so Q is BL Since terminal A 
polled to through the PMOS transistor. Likewise, as the 35 is at the NMOS transistor 22 is conductive, thus polling 
NMOS transistor starts to conduct, the gate of the PMOS both tmninnl B and (J LO. When the fuse element F is 
transistor is pulled to ground through the NMOS transistor. blown, terminal Ais momentarily coupled to ground through 
Consequently, terminal A latches to ground and terminal B the capacitor C Referring to The table in FIG. 4, a momen- 
ts latched to Thus, when The capacitors C l7 Ca are tary contact of A to ground has the effect of latching terminal 
charged and terminals A and B are no longer coupled ^ A to ground and Is rrhing terminal B to V^Thus, Q goes LO 
through the capacitors, the terminals remain coupled respec- and remains LO, and Q fives HI and remains HL As with the 
tivery to ground and to V^by virtue of the latch means 50. embodiments of FIGS. 1 and 2, Cfaero is no current draw 
Thus, Q is LO when the ruse element is blown, and QisHL through the circuit 14 in steady state, and therefore no power 
From the foregoing, it can be seen that the circuit of the latch loss. 

means 50 shown in FIG. 1 operates in accordanc e wi th the ^ With respect to tho transistors used in the embodiments of 

definition of the latch as set forth in the table In FBG, 4. FIGS. 1-3. It is desirable to fabricate the devices using 

Thus* in tho ease where the fuses F Lt F z axe intact, a HI dmflarly sized device geometries, eg. channel regions hav- 

is available at Q (conversely, a LO is available at The ing the same wlduVto-lengrh (w/L) ratios. This has the 

capacitors C, and both serve to block PC current from advantage of »cuitating device layout since all of the 

V. to ground, and so no power is consumed through the two 50 devices are of similar size and configuration. Another advan- 

fose elemcnt/capadtor pairs. Similarly, since neither the tnge inheres in the fact that device density is mnxim l zed . 

FMOS transistor nor the NMOS transistor is conducting Having substantially uniform device geometries allows for a 

when the fuse elements F lr F s are intact, no power is drawn more efficient layout of the devices on the silicon with tittle 

through the transistors, wasted space, resulting in a more compact layout of device 

In the case where (he fuse elements F t , F 2 are blown, Q 55 elements. This is an imrxutant consideration in light of the 
is LO (conversely, Q is B2). Since the transistors 52. 54 of desire to provide high device-count devices. In like fashion, 
the latch means are cross-coupled to the gates so as to bias the capacitors shown in the embodrrncnts of FIGS. 1-3 are 
each other, they draw no power. Thus, excluding the initial constructed in accordance with the same catena, 
current draw to charge the capacitors C A , C a , there is no Sensitivity to process variations is minimized by design- 
power consumed when the fuse elements are blown. The go ing with similarly sized devices. Variations in the process 
?cro power fuse circuit of FIG. I, therefore is able to provide which affect the geometry of the device will equally affect 
both a HI and a LO logic level without consuming power. all of the devices, and so will not adversely irrmact the final 

Turn now to an alternate embodiment of the 2eT0 power product 

fuse elements 12 shown in FIG. 2. In this embodiment, a Preferably, the W/L ratio of the channel regions of the 

fijse element F is coupled between terminal B of the latch &s transistor devices is 3/1, but fhia is not critical. The irrvention 

means 50 and ground. A capacitor C is coupled between works equally well with other W/L ratios. Although a higher 

and terminal B. A FMOS puil-Up transistor 20 includes a W/L ratio in the channel region yields faster response tiroes, 
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transistor switching speed is not a factor in the present 
invention, 21 is only when the zero power fuse circuit is 
powered up that transistor switching may takt place, and 
then only for a short time. However, once the steady state 
condition is achieved, there is no farther switching required s 
of the transistors since the task of the zero power fuse circuit 
is to piOVido a constant logic level Thus, the operating speed 
of the zero power fuse cfrcmt of the present invention is not 
3 concern. On the other hand, it is desirable to have uniform 
and minim urn device geometries for the reasons noted 
above, and so n small W/L ratio is preferred. likewise, the 
capacitors are fabricated with the same W/L ratio so that size 
unitotmity among the devices can be maintained. 
Vfc claLn: 

1. A ruse circuit for connection between first and second 
voltage potentials to provide a selectable logic level* said 15 
rose comprising: 

a dual-triggered iirrfdirrxtinnal latch having first and sec- 
ond terminals, inducting a means for latching said first 
and second potentials respectively to said first and 
second terminals, said latching means being triggered 20 
by at least a momentary contact either between said 
first terminal and said first potential or between said 
second terminal and said second potential; 

a lose coupled between said first potential and said first 
terminal; 33 

a capacitor coupled between said first terminal and said 
second potential; and 

a £rst N-channel MOS trunsistor having first and second 
pins respectively coupled to Said second terminal and 
said second potential* and further having a control gate 90 
coupled to said first terminal; 

whereby said selectable logic level is available at either of 
said first terminal and said second terminal. 

2. The fuse circuit of claim 1 wherein said latching means 
includes a P-channel MOS transistor and a second 35 
N-channei MOS transistor, first and second pons of said 
P-channel tatnsistcr respectively Coupled to said first poten- 
tial and said second terminal, first and second pins of said 
second N-channel transistor respectively coupled to said 
second potential and said first terminal, a control pin of said 40 
P-channel transistor coupled to said second pin of said 
second N-channel transistor, and a control pin of said second 
N-chanocl transistor coupled to said Second pin of said 
P-channel transistor. 

3. The fuse circuit of claim 1 wherein said first potential 45 
is V w and said second potential is ground. 

4. The rose circuit of claim 2 wherein said first and second 
N-channei transistors and said P-channel transistor have 
substantially equal device width and device length dimen- 
sions. 



,734 

6 

5. The fuse circuit of claim 2 wherein the widm-to-lenglh 
ratio of each of said first and second N-channel transistors 
and said P-channel transistor is 3/1. 

6. A fuse circuit for connection between first and second 
voltage potentials to provide a selectable logic level, said 
fuse comprising: 

a dual-triggered iirnVHnp/lfonal latch having first and sec- 
ond terminals, including a means for latching said first 
and second potentials respectively to said first and 
second frn rr'pgi*. said iftrrtnnft wmbc being triggered 
by st least a momentary contact either between said 
first terminal and said first potential or between said 
second terminal and said Second potential; 

a fbsc coupled between said second potential and said 

second terminal; 
a capacitor coupled between said Second terminal and £ aid 

first potential; and 
a first P-channel MOS transistor having first and second 
pros respectively coupled to said first terminal and said 
first potential, and further having a central gate coupled 

whereby said selectable logic level is available at either of 
said first terminal and said second t ermin al 

7. The fuse circuit of claim 6 wherein said latching means 
includes a second P-channel MOS transistor and an 
N-channel MOS transistor, first and second pins of said 
second P-channel transistor respectively coupled to said first 
potential and said second terminal, first and second pins of 
said N-channel transistor respectively coupled to said sec- 
ond potential and said first terminal, n control pin of said 
second P-channel transistor coupled to said second pin of 
said N- channel transistor, and a control pfn of said 
N-channel transistor coupled to said Second pin of said 
second ^channel transistor. 

& The fuse circuit of claim 7 wherein said first potential 
is and said second potential is ground. 

9. The fuse circuit of claim *7 wherein width-to4engtb 
ratios of the device geometries of said first and second 
P-channel transistors and said N- channel transistor are sub- 
stantially equal* 

10. The fuse circuit of claim. 7 wherein the widrh-to- 
lepgtfi ratio of each of said first and second P-cIiarmel 
transistors and said N- channel transistor is 3/1. 

* * * * * 
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It is certified that error appears in the above-identified patent end that said Lettere Patent 
ifI hereby corrected as shown below: 

Column 1, line 32, "cells outputs" should read 

- - cells*' outputs - 

Column 1, line 46, "such either" should read 

- - such fuse circuits either - 

Column 1, line 47, "The which" should read 

- - The fuse circuits which - 

Column 1, line 49, "These are" should read 

- - These fuse circuits are - - . 

Column 2, lines 14-15, "fuse element are 
intact" should read - - fuse elements are intact - 

Column 3, line 27, "fuse elements F, F 2 " should 
read - - fuse elements F 1jr F 2 - 

Column 3, line 64, "fuse elements 12" should 
read - - fuse circuit 12 - 
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